Prior studies on the impact of catastrophes on insurance markets have either focused on one specific type of hazard or pooled several natural disasters. In contrast, we analyze insurers' hazard-specific supply reactions. We analyze U.S. property insurers' supply decisions between 1991-2012 and find that insurers' responses with respect to reduction of business volume and exit decisions differ across hazards, even after controlling for the damage size. The negative effects of catastrophes on underwriting performance and subsequent supply decisions are more pronounced for hurricanes than for the other hazards. We argue that supply distortions in the aftermath of unprecedented catastrophes are driven primarily by correlated losses. Our results show that the size and predictability of catastrophe losses pose less severe threats to insurers. Thus, we propose that first of all insurers and regulators should focus on measures that encourage diversification.
3 averse with regard to probability and loss size. Grace and Klein (2006) argue that after Hurricane Andrew 1992, catastrophe modelling became more and more popular. This also can be seen as a measure to reduce the ambiguity with regard to loss size and probability of occurrence.
This research will achieve its purpose by examining how large-scale and unprecedented catastrophe losses in terms of property damages (adjusted for inflation) for each of the hazard types tornado, hurricane, and hail affect business volume, market exits, and underwriting performance of insurers in the United States over the period . By controlling for the size of the events and distinguishing between catastrophe types we will be able to identify to what extent the criteria predictability, correlation, and size influence insurers supply decisions. We gather insurer information from the NAIC database and catastrophe information from Sheldus TM . To exploit the panel structure of our data we use a fixed-effects model, which is suggested by a Hausman Test. We also control for several insurer-and state-specific variables.
We find that even after controlling for the size of the natural hazards, hurricanes seem to cause the most severe problems for insurers. An insurer's probability to exit a state or reduce business by more than 60 % increases heavily after a severe hurricane season. In addition, an insurer's underwriting performance suffers three to four times stronger after hurricanes than after tornados or hails. The size of a natural catastrophe seems to matter, however correlated losses are the main driver for supply distortions. The evidence for market disruptions in the aftermath of extreme hail and tornado seasons is inconclusive. Thus, we suppose that insurers do not struggle with unclear predictions as much as with large and correlated losses.
The contribution of our paper is three folded: first, we provide a guideline for the evaluation of the results of prior catastrophe research. Since insurance supply reactions seem to differ between hazards, we conclude that generalizing results might be misleading. Further studies extending previous research seem to be worthwhile. Second, we infer which characteristics of catastrophes drive the availability constraints in the aftermath of natural disasters. In this paper, we find that correlation is a main factor to cause supply problems. Third, we are able to provide recommendations for where governmental intervention is needed or on what insurers should focus to ensure the availability of coverage. We argue that insurers and regulators should focus on diversification and the availability of risk capital in the first place.
Apparently, the industry made progress with regard to catastrophe modelling, since the predictability of hazards seems to be less harmful for insurance companies.
The paper is structured as follows: Part two provides a brief overview of existing studies on the supply of insurance in the context of catastrophic risk. In part three, we develop our hypotheses. In part four and five we present our data and empirical method. In part six and seven we present our results and discuss those.
Supply-side Reactions in the Aftermath of Catastrophes
Prior literature on supply-side reactions after major natural disasters can be classified into two main categories. The first group of papers analyzes direct effects on prices and quantities in the market for natural catastrophe insurance. The second type of studies examines indirect effects on insurers' profitability and market valuation.
Price and Quantity
In general, insurers' risk-taking capacity is one crucial determinant for insurers' willingness to provide coverage. The "capacity constraint"-hypothesis assumes that insurers need to hold a sufficient amount of capital to meet regulatory requirements and/or avoid insolvency. Capital market imperfections can cause supply disruptions if the industry capacity is reduced by a negative external shock. Since natural catastrophe losses are equivalent to a negative shock to insurers' capital, the "capacity constraint"-hypothesis predicts a reduction of insurance supply immediately after major catastrophic losses (Gron, 1990; Winter, 1994; Gron, 1994; Cagle & Harrington, 1995) . According to Cagle and Harrington (1995) , the price effect of a negative shock to capital depends on the price elasticity of demand. The authors conclude that insurers' ability to recover from a catastrophic loss by increasing insurance prices is limited when policyholders respond to prices and insurers' default risk. Gron (1994) finds support for the "capacity-constraint"-hypothesis in the multi-peril insurance line and shows that catastrophic losses reduce insurers' underwriting margin.
In line with the "capacity-constraint"-hypothesis Born and Viscusi (2006) observe a negative supply effect of both large and unexpected catastrophes. Moreover, the authors find that insurers are able to improve their loss ratios in the medium term after "blockbuster catastrophes" 2 by raising insurance premiums. To some extent insurers seem to be able to shift the cost of a capital shock to the policyholders. The majority of their "blockbuster" events are hurricanes. It would be interesting to see whether we observe the same pattern for other disaster events. Since Klein and Kleindorfer (1999) and Grace and Klein (2009) who investigate the impact of hurricanes on the Florida insurance market receive similar results, the conjecture of a hurricane-specific effect might be supported. They find an increase in prices and a decrease in availability of insurance coverage because of the increased hurricane risk. Although larger insurers tend to reduce coverage after catastrophic losses, the authors still detect a remarkable risk of bankruptcies in this market since small regional, and consequently less-diversified insurers continue to underwrite huge amounts of hurricane In general, price increases after catastrophic events could be driven by both risk capital reduction and insurers' updating of the assumed risk exposure of the affected area, if they belief that a certain region will be affected more frequently or more severely in the future. Froot and O'Connell (1999) disentangle both effects by analyzing reinsurance prices in the aftermath of different types of natural catastrophes. Since they also observe price increases outside of the affected area independent of the actual exposure to a certain hazard, they conclude that capital market imperfections (a shortage of capital) are the main reason for the price increases. Kleffner and Doherty (1996) examine the insurance market for earthquake risk in California and identify several determinants for insurers' capacity to write earthquake risk. Writing earthquake insurance increases the variance of insurer's cash-flows heavily since losses are highly correlated and impose large uncertainty on the insurer with respect to the parameters of the loss distribution. Consequently, Kleffner and Doherty find that high leverage and low diversification limit insurer's willingness to provide coverage. In addition, the organizational form and distribution system influence risk taking costs and as a result insurance supply decisions. Thomann and von der Schulenburg (2006) show that the costs of risk bearing also determine the supply for terrorism reinsurance in Germany. In particular, the size of an insurance company matters. As larger insurers can easier diversify correlated risks, like a terrorist attack, they are more likely to provide coverage against this type of risk. In accordance with
Kleffner and Doherty, the authors find also evidence for the importance of the ownership structure of an insurer. Born and Klimaszewski-Blettner (2009) 
Profitability and Market Valuation
Besides direct effects on insurance prices and insurance supply, natural catastrophes affect insurers' market valuation, too. However, the impacts on insurers' stock prices seem to be ambiguous. Shelor, Anderson, and Cross (1992) find a positive effect of the 1989 California Earthquake on property-liability and multiple line insurers' market valuation. Despite of the indemnity payments, investors expect positive business prospects due to an increase in insurance demand. As a result, they observe an increase in insurers' stock prices independent of their actual written business in the affected area. Aiuppa, Carney, and Krueger (1993) confirm these findings in a related study. In contrast, Lamb (1995) Shelor et al. (1992) and Aiuppa et al. (1993) with hazard-specific effects of hurricanes and earthquakes, respectively. Chen, Doerpinghaus, Lin, and Yu (2008) use the 9/11 terrorist attack to analyze the influence of catastrophic losses on insurers' profitability.
By analyzing abnormal earnings forecast revisions the authors are able to detect two opposing effects of catastrophes on insurers' performance. In the short run insurers suffer from a claim effect since they did not expect a terrorist attack of this magnitude. However, insurers benefit in the long rung from a positive growth effect. Thomann (2013) examines insurers' stock price volatility and the correlation of insurers' stocks with the market in the aftermath of the 10 most expensive catastrophes in the U.S. In general, he detects an increase of insurance stocks' volatility which might bias the results of prior event studies after catastrophes. Interestingly, the correlation with the market decreases after natural catastrophes which have no influence on the general economy but increases after 9/11. This also supports the idea of disaster-specific consequences on the market valuation of insurance companies. In addition, the majority of papers do not examine differences between hazard-types. With few exceptions, they either focus on one disaster type or analyze the general impact of catastrophic losses. However, based on our cross-study comparisons both insurance and capital markets seem to respond differently depending on the disaster type. In the following, we show why supply reactions after hails, tornados, and hurricanes might differ.
Hazard-Specific Supply Reactions in the Aftermath of Natural Disasters
In the following we analyze hurricanes, hails, and tornados with respect to size, correlation, and predictability and derive predictions with regard to supply effects in the aftermath of catastrophes. In general, hail events and tornados have similarities in their characteristics, but show significant differences in comparison to hurricanes. In addition, hail and tornados often seem to occur at the same time (Agee et al., 1976 , Davies-Jones, 1986 , Paul & McInnis, 2001 . We assume that unprecedented disaster seasons 3 cause a reevaluation of an insurers risk exposure and might result in an adjustment in insurance supply.
Size/Severity
Hurricane, tornados, and hail events differ with regard to their severity. An analysis of the Sheldus TM data provides evidence that annual hurricane damages are on average about four to six times larger, in terms of annual property damage, than hail storms or tornados. Hail storms and tornados, on the other hand, are quite comparable with regard to severity.
According to the capacity constraint hypothesis negative capital shocks could cause short term supply distortions with higher prices. Thus, one should expect ceteris paribus stronger supply reductions after hurricanes than after tornados and hails. In addition, we observe differences with respect to the standard deviation, maximum loss size and skewness. Table   2 presents the descriptive statistics of our hazard-specific natural catastrophe annual property damage data on state-level, which we discuss further below. (2011) shows that hurricanes overwhelmingly affect nine states and barely occur outside this region. We suppose that diversification with regard to tornados is easier than diversification with regard to hurricanes, both in terms of temporal and regional diversification. Thus, again insurance supply should be reduced more heavily after hurricanes than after tornados and hails.
Ambiguity
However, while the "hurricane season in the Atlantic begins June 1 st and ends November 30 th " (National Hurricane Center, 2014), "tornados have been known to occur in every state in the United States, on any day of the year, and at any hour" (National Severe Storms Laboratory, 2014). So there is much more ambiguity in assessing tornado risks than hurricane risks. This is also backed by the University Corporation for Atmospheric Research (UCAR), which "is a consortium of more than 100 member colleges and universities focused on research and training in the atmospheric and related Earth system sciences": Henson (2013) states that the NOAA's Storm Prediction Center publishes tornado forecasts 8 days in advance at maximum, whereas hurricane seasons can be already predicted up to one year.
Henson also refers to a member of the NOAA who wants the Tornado outlooks "[…] to move toward something probabilistic, much like the hurricane outlooks". Several studies have
shown that insurers are reluctant to sign ambiguous risks and thus, set a price markup (e.g., Kunreuther et al., 1995) . If predictability is crucial for underwriting natural hazards, we should see strong insurance market reactions in the aftermath of heavy tornado seasons compared to hurricance seasons, of course after controlling for the size of the events. Additionally, if the skewness in annual property damages per state matters, we should see stronger reactions after extreme tornado years than hail years according to Table 2 , since the informative value of the average damage for premium calculation is limited.
Our analysis can be summarized as in Table 3 : while hurricanes cause more problems with regard to size and correlation, hail and tornados cause more predictability problems. Table 3 depicts the comparison of the insurability of these hazards. A positive sign in Table 3 represents a more demanding challenge for the insurer, while a negative sign represents a less important problem. By rejecting this hypothesis we are able to provide evidence for different supply reactions.
The analysis of the characteristics will help us to derive implications for regulatory and insurer efforts and their ranking with regard to importance.
Data
The data set for our empirical analysis is a blend of two data sources. We received financial and underwriting information for all U. were also elicited from the same data source. In total, our data set consists of about 320,000
firm-state-year observations. Our sample consists of 2167 unique firms who were operating on average in about 12 different states and were on average active for 13 years.
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We supplement our data with information on the catastrophe experience of each state. (Henson, 2013) .
To account for the fact that insurers elicit informational value from past events, we extend our natural catastrophe database to years before 1991. Therefore we apply our event definition already beginning in 1985 and classify a state as experiencing a major "hazard year" if the annual hazard specific property damages exceed the prior maximums beginning in 1985.
According to Swiss Re (2014) damages caused by natural catastrophes increased dramatically since 1985. Table 4 provides a summary of events after applying our event definition for the entire time period. The dark grey-shaded year-state observations represent the event history, whereas the light grey-shaded observations are included in our analysis.
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Since we want to examine differences in insurers' reactions and performance in the aftermath of natural disasters depending on the hazard type, we focus our analysis on three criteria: business volume, the probability of exiting a state, and underwriting performance.
We use two approaches to examine the impact of catastrophic events on the business Gron (1994) and Doherty/Garven (1995).
Empirical Model
The goal of our paper is to detect differences in insurers' supply reactions depending on the type of natural disaster. Therefore, we perform a series of panel-data regressions which analyze the effect of various variables on premiums earned, the probability of exiting a state, and underwriting performance. Our data are reported by firms on a state-level basis. Hence, each observation in our data set is a unique state-firm entity, and we control for time invariant unobserved heterogeneity by including firm-state fixed effects. Whether and how premiums are altered over time in response to changes in interest rates is heavily discussed in the literature (e.g., Gron, 1994) . We control for time-specific trends in our data set by including year dummies in our regression models. In addition, we add lagged variables (t-1; t-2) of our event dummies since insurers' supply reactions in the aftermath of a catastrophic event might emerge with some delay. For instance, cancelling policies or shutting down entire business operations within a state takes some time and is not possible immediately after a disaster occurred. Therefore, we think that analyzing the first and second year after a major catastrophic event is in particularly insightful. Additionally, we control for the size of the different hazards by including annual hazard-specific property damages within each state.
We also use several corporate-specific variables as a control (reinsurance-ratio, surplus, company age, nation-wide premium income and number of lines).
Hence, we estimate our dependent variables (premiums earned, Pr(Exit), Pr(Business Reduction), Underwriting Performance) against our set of explanatory variables:
We use the same set of independent variables for all regression models. We run a linear fixed effects panel data regression for the premiums earned and underwriting equation with clustered standard errors. In contrast, we conduct a logistic panel data regression for the exit and business reduction probability
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.
10 Due to our definition of an exit we lose another year of observations (2012) . We estimate our model in Stata TM using the xtlogit command. Although the panel approach considers all insurers, insurers who never exit a state (i.d. dependent variable is always zero) are effectively dropped as they do not provide any information for the likelihood.
Results
The descriptive statistics of our data set are summarized in Table 5 . We report our dependent variables and the number of lines within a state for each of our panel observations, the hazard data on state-year level, and all company specific control variables on firm-year level. Based on our data set and our definition of an exit we see insurers rarely leave states. The average insurer operates in multiple (about 17) lines within a state. The variable "Underwriting_Performance" exhibits strong variation. Some insurers perform very poorly in certain states and years, and face losses which exceed their premium income multiple times. In contrast to Table 2 , we report only the hazard data which we used in our analysis. We capture all extreme years, which can be seen at the maximum values. In addition, the mean of the property damage variables is larger as compared to the full sample.
Insurers seem to operate in about 12 states, nevertheless, we observe a strong variation between single state insurers and all state insurers. Interestingly, most insurers belong to a group.
The results of our first regression on the natural logarithm of premiums earned are summarized in Table 6 . Since our main hypothesis assumes different supply reactions depending on the type of natural disasters, we focus our analysis on a comparison between the major hazard event-dummies. As we control for differences in the magnitude of the hazards by including the annual property damage exposure for each state and hazard, remaining differences have to be explained by other factors beyond damage size like the correlation of single damages or predictability problems. Interestingly, we observe an increase in business volumes in states affected by extreme hail-event years. In contrast, our results do not indicate any significant effects after tornado or hurricane years. The size of a catastrophe year seems to matter but the absolute size-effect on premiums earned is negligible. However, drawing conclusions based on premiums earned is always difficult since price and quantity effects might cause counteracting changes. 216,000,000 1,060,000,000 -3.39e+07 68,400,000,000 In order to analyze changes in insurers' willingness to provide coverage in the aftermath of catastrophic events more thoroughly, we focus in our second set of regressions on the probability of exiting a state and the probability of reducing business operations dramatically.
Our results are summarized in Table 7 . First of all, extreme hurricane years increase the probability to exit an affected state significantly. Tornado and hail years seem to lower the probability to exit. In particular, two years after a major hail year there is a significant negative effect on the exit probability. While the size of hurricanes and hail storms increase the probability to exit a state, size of a tornado does not affect the decision to leave the market.
However, an insurance company usually cannot change its strategy immediately in the aftermath of a catastrophic event. An insurer can stop writing new policies and refrain from renewing expired policies but an immediate cancellation of in-force business is not possible.
In addition, shutting down entire business operations in a state is even more timeconsuming. Therefore, we examine large-scale reductions of business volume besides the analysis of complete exits. Again we do not see any significant influence of tornado years but hurricanes have a strong negative and persistent effect on insurers' supply decision in disaster regions. Interestingly, the impact of extreme hail years is less clear. In the short run, one year after an event, insurers are more likely to downsize their business operations in affected states. However, this effect disappears or even lowers the business reduction probability two years after the loss event. Not surprisingly, the size of hurricane and hail events affects the probability to downsize the risk exposure significantly.
Our results suggest that extreme hurricane years cause insurers' exits and result in significant downsizing of available coverage. In line with our prior findings extreme tornado years seem to have no direct effects on insurers' supply. The results for extreme hail storm years are less conclusive. Insurers seem to reduce their business volume but in the medium term insurers are less likely to exit an affected state.
We estimate our set of independent variables on "Underwriting_Performance" to show differences in insurers' ability to deal with different hazards. Our results are summarized in Table 8 .
All major event years reduce insurers' underwriting performance immediately and significantly. Therefore, our event definition seems to capture extreme loss events from the insurers' perspective. However, the impact of extreme hurricane years is about three to four times as strong as the effect of other hazards. In addition, insurers operating in a state hit by a major hurricane experience a more persistent decrease in their underwriting performance.
The hazard-specific damage-size influences the underwriting performance of individual insurers only weakly and in no consistent pattern. Regression results include firm-state fixed effects, year dummies, and further controls, not shown *, **, and *** denote significance at the 90%, 95%, and 99% level, two-tailed test.
Robustness Checks
As wealthier states might face larger property damages but also have larger capacities to deal with them, we normalize the annual property damages by the per-capita-income of each state in our major hazard year identification process. The results are presented in the Appendix (Tables A.4, A .5, and A.6 ). In the premiums regression, the hail event year loses its significance. The impact of hurricanes on exits and business reduction in general is supported and strengthened by our robustness check. The inconclusive effect of hail events can also be found when the event identification is modified. The per capita adjusted model also backs the strong negative and persistent influence of hurricanes on the underwriting performance.
More populated states tend to have higher property damages. That's why we conducted an additional robustness check using the state wide population to normalize property damages in our major hazard year identification process. The results are also presented in the Appendix (Tables A.4, A.5, and A.6 ). Hails and hurricanes seem to impact premiums negatively two years after the devastating season. Interestingly, hurricanes now seem to reduce exits, but increase downsizing of business. Hails lose their inconclusiveness -they only seem to increase business reduction in the short term. Interestingly, hurricanes do not seem to influence the underwriting performance of insurers, whereas hails and tornadoes do.
These events seem to have severe negative impact on the loss ratios. In general, we find that the population adjusted model is only partially supportive for our evidence. However, these results have to be treated with caution, because this approach would overweight smaller states whose damages would not threaten the financial viability of an insurer.
Limitations
As all other catastrophe definitions our approach is to some extent arbitrary -however, our results are overwhelmingly stable to changes in this definition. We conducted robustness checks using an income and population adjusted catastrophe definition and received quite similar results. Demand effects might disturb our analysis although we try to minimize this problem by our catastrophe definition. As we only identify directly affected states we neglect potential spill-over effects. However, this should rather lead to an underestimation of the effects in our analysis and thus, support our results.
Discussion and Policy Implications
In this paper we were able to show that the type of a natural disaster matters for insurers' supply reactions with regard to business volume, exits and underwriting performance. We investigated how insurers are affected after large and unprecedented hazard seasons. In general, major hurricane seasons have stronger and longer lasting effects on insurers' supply decisions compared with the other hazards in our analysis. Even after controlling for the size of the annual property damages we observe significant differences in the probability to exit a state or probability to reduce business. Furthermore, insurers' underwriting performance seems to suffer more after hurricane events. Based on these findings we conclude that it is easier for insurers to deal with extreme hail or tornado years. As mentioned before, hurricanes occur in a fairly restricted area, and therefore insurers' benefits from regional diversification are very limited. Since we account for the size of the hazard damages, the remaining difference between hurricanes, tornados, and hails can be traced back to the degree of correlation between single loss events. Thus, we recommend insurers and regulators to focus on encouraging diversification. Currently writing business in different states is hindered due to state specific regulation. Insurers might refrain from achieving diversification by operating in multiple states, since adapting products and processes to the local regulatory framework might be too costly. According to Ibragimov et al. (2008) diversification benefits for heavy-tailed risks might exhibit a u-shaped relationship. Thus, an increase in the number of risks might even have a negative impact on the individual insurer's performance. On the industry level, diversification benefits remain positive. The authors recommend a central agency to achieve coordinated diversification equilibria and unleash diversification benefits. An obvious way to increase diversification is through incentivizing the purchase of reinsurance coverage, lowering reinsurance requirements, or implementing tax benefits for reinsurance. In particular, international reinsurers could enhance the worldwide diversification of catastrophic risks. Another way to reduce supply problems due to poor diversification is by implementing all hazard insurance policies (Kunreuther and MichelKerjan, 2009 ). Insurers could benefit from bundling more and less frequent risks all over the U.S.
We also identified size to be a criterion of insurability. Not surprisingly, we find that the larger the hazard the more supply distortions are caused. However, this effect seems to be fairly small relative to the correlation impact. Of course, measures enhancing the risk taking capacity of insurers could be beneficial. But according to our analysis this measures should not be addressed with the highest priority. One way to enhance insurer's ability to deal with large scale risks is to reduce the cost of holding risk capital. Jaffee and Russell (1997) and Gollier (1997) argue that capital market imperfections are one of the main reasons that cause the related insurance supply problems.
The predictability of natural catastrophes is also mentioned as a challenge when insuring catastrophic risks. We do not find clear evidence for this. We suppose that the huge efforts of the insurance industry with regard to catastrophe modelling and prediction might explain our results. So, investing in event and seasonal prediction as well as catastrophe modelling 22 currently should not have the highest priority, although improving the existing measures remains an ongoing task.
Taking into account the results of our empirical analysis, we are able to reject our null hypothesis since insurers' supply reactions differ significantly with respect to the type of hazard. We conclude that results based on one-hazard studies should not be generalized to other hazards since insurers are very likely to react differently after catastrophic events with the same size in terms of damages but with a different trigger. In addition, prior studies which examined the influence of different natural hazards on insurance markets within one analysis without differentiating between the types of hazards could be extended. Differentiating between hazards might provide additional insights. 
